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I  INTRODUCTION 

This  fifth  quarterly  report,  covering  the  period  1 March  1977  to 
31  May  1977,  Is  arranged  In  three  parts: 

I Introduction 

II  Summary  of  Results  of  Experiments  Designed  to 
Simulate  the  Decrease  In  Residual  Life  Following 

an  Attack  and  the  Movement  of  Adsorbed  DMMP  Through 
a Carbon  Bed 

III  Suggestions  for  Future  Work 

Part  I Is  based  on  details  to  be  found  In  the  first  four  quarterly 
reports  with  the  exception  of:  retention  time  studies  using  water  as  a sor- 
bate,  retention  time  as  a function  of  the  diameter  of  the  bed,  retention  time 
as  a function  of  flow  rate  for  a bed  of  the  same  length  as  the  large  scale 
filter,  i .e. , one  inch. 
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The  objective  of  this  contract  is  to  find  a non-destuctlve  test  of  the 
residual  life  of  charcoal  filter  that  is  used  to  purify  breathing  air  for 
occupants  of  a building  in  the  case  of  a war-gas  attack.  The  non-destructive 
test  is  simply  measuring  the  retention  time  of  a pulse  of  a probe  gas.  A 
simple  correlation  was  found  between  the  retention  time  of  several  probe 
gases  and  the  loading  of  charcoal  beds  with  dimethyl  methyl  phosphorate  (DMMP), 
a nerve  gas  simulant. 

II  RESIDUAL  LIFE  AFTER  A GAS  ATTACK 

The  complex  situation  of  the  residual  life  and  Its  measurement  was  con- 
sidered for  the  situation  of  clean  air  traveling  through  a filter  after  a gas 
attack.  This  situation  was  simulated  by  making  up  beds  from  two  sections 
connected  In  series  with  the  section  at  the  Inlet  end  presaturated  with  DMMP 
and  the  outlet  section  free  of  DMMP.  A feed  stream  of  DMMP-free  He  was  used 
instead  of  clean  air.  Periodically  the  retention  time  of  a probe  gas  was 
measured  on  the  total  bed  and  the  weight  of  each  section  was  determined  to 
measure  the  amount  of  sorbed  DMMP.  At  the  end  of  the  experiment  the  retention 
time  of  each  section  was  determined.  The  experiments  were  carried  out  on  two 
beds  of  the  same  total  length.  Bed  A was  prepared  with  a presaturated  section 
one  third  of  the  total  length  of  the  bed;  Bed  B with  a presaturated  section 
two-thirds  of  the  total  length.  Tables  1 and  2 summarize  the  results  obtained. 

With  Increasing  time  of  flow  of  DMMP-free  He,  the  retention  time  on  the 
total  bed  decreased  as  DMMP  was  desorbed  from  the  inlet  section  and  sorbed  on 
the  outlet  section.  At  the  longest  times  of  flow  for  Bed  B,  breakthrough  of 
DMMP  occurred  from  the  Initially  DMMP-free  outlet  section. 

From  the  retention  time  measurements  at  the  end  of  the  experiments  (about 
50%  of  the  DMMP  was  transferred  from  the  Inlet  to  the  outlet  sections)  on  each 
section  It  was  found  that  the  decrease  In  retention  time  of  the  total  bed  Is 
associated  with  a large  decrease  In  the  retention  time  of  the  Initially  DMMP- 
free  outlet  section  while  the  Increase  in  retention  time  of  the  Inlet  section 
was  small.  This  finding  Is  consistent  with  the  result  that  the  retention  time 
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Is  constant  and  very  short  above  a homogeneous  loading  of  about  O.lg  DMMP/g 
charcoal.  Therefore, the  Inlet  section  looses  DMMP  without  much  change  In  re- 
tention time  because  most  of  the  section  contains  DMMP  above  a loading  level 
of  O.lg/g  charcoal.  In  contrast  the  outlet  section  gains  DMMP  with  a decrease 
In  retention  time. 

The  weight  loss  of  DMMP  from  each  Inlet  section,  as  a function  of  time  of 
flow  of  DMMP-free  He  feed,  followed  the  rate  law: 

wtDMMP  = c 109  ^ + *o^ 

where  c and  t are  fitting  constants.  The  weight  loss  rate  was  proportional 
to  the  length°of  the  Initially  saturated  section  Indicating  that  DMMP  was  re- 
moved by  the  vapor  phase  over  the  whole  length  of  the  Inlet  section. 

The  significance  of  these  experiments  is  (1)  the  residual  protection  life 
of  a filter  continues  to  decrease  after  an  attack  while  clean  air  Is  flowing 
through  the  filter  (2)  this  decrease  in  residual  life  is  reflected  In  a decrease 
of  the  retention  time  of  the  probe  gas.  A filter  should  be  discarded  after  any 
attack,  because  eventually  the  sorbed  new  gas  will  migrate  and  "breakthrough". 

Ill  SUGGESTED  AREAS  FOR  FUTURE  WORK 

1.  Effect  of  Other  Sorbates  on  Retention  Time  of  Probe  Gas:  While  we  have 
carried  out  retention  time  experiments  with  a variety  of  probe  gases  as  a func- 
tion of  DMMP  loading  and  with  one  probe  gas  at  one  water  loading,  It  cannot  be 
concluded  with  certainty  that  the  retention  time  is  a function  only  of  the  load- 
ing level  and  Independent  of  the  chemical  nature  of  the  loading  substance 
(sorbate).  We  believe  It  may  be  desirable  to  find  a probe  gas  that  would  show 
selectivity  with  respect  to  the  chemical  nature  of  the  sorbate  for  several 
practical  reasons  given  In  the  following  paragraph. 

First,  it  would  be  desirable  to  have  Information  from  the  retention  time 
concerning  the  nature  of  the  sorbate  to  Identify  If  a poison  gas  attack  is  or 
has  occurred.  Second,  it  is  expected  that  some  sorbates  will  displace  other 
sorbates  from  charcoal.  For  example,  loading  with  water  may  not  materially 
decrease  the  residual  loading  capacity  for  DMMP. 

Let  us  speculate  about  a specific  situation  to  make  the  problem  clearer. 
Suppose  the  feed  stock  is  composed  of  DMMP  (the  nerve  gas  simulant)  at  P/P 
about  0,1  and  H2O  at  P/P0  about  0.8,  a mole  ratio  of  H2O  to  DMMP  of  300.  0 
After  a time  we  would  expect  that  a small  length  of  the  charcoal  at  the  inlet 
end  would  be  loaded  with  DMMP;  downstream  from  the  DMMP  loaded  section,  the 
charcoal  would  be  loaded  with  H2O.  With  respect  to  the  effluent  from  the  bed, 
no  breakthrough  for  DMMP  has  occurred  but  breakthrough  for  water  has  occurred. 

If  the  loading  has  occurred  In  this  manner,  we  believe  that  ethane,  as  a probe 
gas,  would  not  distinguish  this  situation  from  a bed  completely  loaded  with 
DMMP. 

It  is  essential  to  know  the  behavior  of  a bed  with  multiple  component 
feeds. 
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We  suggest  that  It  may  be  possible  to  find  a probe  gas  which  has  sorption 
constants  of  the  same  magnitude  for  bare  charcoal  and  H26  covered  charcoal. 

If  such  a probe  gas  can  be  found,  the  retention  time  of  this  probe  gas  would 
be  Independent  of  water  loading. 

It  should  be  pointed  out,  because  of  the  "S"  shape  of  the  water  Isotherm 
on  charcoal,  that  the  water  loading  of  charcoal  should  be  negligible  with  a 
feed  stock  containing  less  then  P/P0  of  0.4  (40%  R.H.).  Thus,  at  lower  humidity 
ethane  can  be  expected  to  be  a suitable  probe  gas  to  measure  the  residual  capa- 
city of  the  bed  for  DMMP.  An  experiment  should  be  carried  out  establishing  this 
expectation. 

2.  Size  of  Probe  Gas  Sample:  While  we  have  shown  that  there  is  an  effect  of 
sample  size  of  the  probe  gas  on  retention  time,  a simple  relationship  exists 
between  retention  time  and  loading  at  constant  sample  size  for  a given  geometry 
of  the  charcoal  bed. 

We  suggest  that  the  retention  time  be  studied  as  a function  of  the  ratio 
of  the  probe  gas  sample  size  to  diameter  of  the  charcoal  column. 

For  maximum  sensitivity  of  the  retention  time  with  loading  we  believe  that 
instead  of  injecting  the  pure  probe  gas  it  would  be  better  to  inject  a sample 
of  the  probe  gas  diluted  by  the  carrier  gas,  i.e.,  air  or  nitrogen.  This 
belief  is  based  on  the  dependence  of  the  retention  time  on  the  shape  of  an 
isotherm.  In  general,  the  retention  time  Increases  with  increasing  steepness 
of  the  isotherm,  i.e.,  dq/dp  where  q is  the  amount  sorbed  and  p Is  the  partial 
pressure  of  the  sorbate,  and  the  value  of  dq/dp  usually  Increases  with  decreas- 
ing p until  a constant  maximum  value.  Therefore,  it  is  desirable  to  use  the 
probe  gas  at  low  partial  pressures  so  that  the  retention  time  is  maximized. 

It  should  be  noted  that  this  effect  Is  particularly  important  on  short  columns 
with  short  retention  times  since  in  this  situation  the  partial  pressure  does 
not  decrease  very  much  as  the  pulse  travels  through  the  column.  The  term 
"linear  chromatography"  is  applied  to  the  situation  where  the  partial  pressure 
is  low  enough  so  that  the  isotherm  is  linear,  i.e.,  q is  a linear  function  of 
P» 

The  lower  limitation  of  the  partial  pressure  of  the  probe  gas  In  the  in- 
jected sample  is  given  by  the  sensitivity  of  the  detector. 

3.  Diameter  Scale  Up:  While  a scale  up  of  50%  In  the  1/4  Inch  diameter  range 
was  shown  to  have  no  effect,  it  is  suggested  that  a much  wider  range  Is  needed 
since  the  filters  are  on  the  order  of  several  feet  linear  cross  section. 

4.  Desorption  and  Migration  of  DMMP  In  a Charcoal  Column:  While  we  have 
carried  out  desorption  and  migration  experiments,  the  results  were  based  on 
weight  changes  of  the  charcoal  columns.  We  believe  these  results  should  be 
confirmed  by  chemical  analyses  of  the  charcoal  and  the  effluent  streams  for 
DMMP. 

The  charcoal,  we  believe,  can  be  analyzed  for  the  quantity  of  adsorbed 
DMMP  by  extraction  of  the  charcoal  with  a volatile  solvent  such  as  acetone  or 
ether  and  analyzed  by  gas-liquid  chromatography.  We  suggest  that  an  1/8  inch 
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diameter  12  foot  long  column  of  15%  silicone  DC  LSX  3-0295  on  40-60  mesh 
Chromosorb  T operated  In  the  range  of  140®  to  170°  should  be  suitable  at  a 
flow  of  20  to  40  cc/mln.  The  volatile  solvent  should  elute  first.  For  most 
sorbed  DMMP  determinations,  the  thermal  conductivity  detectors  should  be 
satisfactory  since  analysis  at  the  25  pg  and  up  range  was  found  to  be  feasible. 
Flame  Ionization  Is  preferable  for  effluent  gas  analysis  since  the  amounts  of 
DMMP  are  much  lower. 

5.  Literature  Search  and  Theoretical  Treatment:  A literature  search  will  be 
completed  In  order  to: 

a)  find  a candidate  substance  which  will  have  a large  sorption  on  DMMP 
covered  charcoal  and  negligible  sorption  on  bare  charcoal 

b)  find  a candidate  heterogeneously  catalyzed  reaction  whose  rate  varies 
with  DMMP  loading.  Low  temperature  reactions  such  as  PARA-0RTH0 
hydrogen  conversion  will  be  considered 

c)  find  principles  which  may  govern  the  retention  time  as  a function  of 
the  chemical  nature  of  the  impurity  sorbate 

d)  find  the  principles  that  govern  the  migration  of  sorbed  DMMP  toward 
the  downstream  end  of  a bed 

e)  utilize  the  background  existing  in  modified  GSC  to  tailor  probe  gases 
to  specific  situations  and  to  develop  a more  general  scientific  basis 
for  residual  life  estimation. 

f)  key  words  for  computerized  search: 

Adsorption 

by  charcoal 
carbon 
filters 
gas  mask 

Adsorption  gas  chromatography 
isotherm 
constant 

Adsorbent 
Canister 
Carbosleve 
Charcoal 
Filter 
Gas  Mask 
Residual  life 
Gas  chromatography 

separation  by 
loading  (of  column) 
tailing 

retention  time 
retention  volume 
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